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TITLE 
Primary care referral for knee MRI in the United Kingdom: Association with patient 
demographics and subsequent surgical intervention. 
 
ABSTRACT 
 
BACKGROUND 
Since 2008 primary care physicians (GPs) in our region have been allowed open 
access to knee MRI scans.  There are questions about whether this changes referral 
practice and if it is an effective use of resources.  
 
PURPOSE 
To describe the change in demographics of patients referred for knee MRI following 
implementation of a new referral pathway. 
 
STUDY TYPE 
Retrospective observational study.  
 
 
POPULATION 
All primary care referrals between 2008 and 2015 for knee MRI from a population of 
900,000.  
 
FIELD STRENGTH/SEQUENCE 
Not applicable.  
 
ASSESSMENT 
Demographic profile and number of knee MRI referrals and subsequent 
arthroscopies. 
 
STATISTICAL TESTS 
Comparisons between urban and rural populations used T-test. Test for normality 
used Shapiro-Wilk. Comparison between abnormal MRI proportions used Chi-
squared test.  
 
RESULTS 
There were 23928 knee MRI referrals (10695 from GPs) between 2000 and 2015.  
MRI knee referrals rose from 210 in 2008 to 2379 in 2015. The average age of the 
patient decreased from 46.8 (SD=14.9) in 2008 to 41.3 (SD=14.7) in 2015. 
Conversion to arthroscopy declined from 15.4% to 10.2% but there was no 
significant change in abnormal scan proportion.  
Conversion rates showed no significant difference between rural (9.6%) and urban 
populations (10.5%). Referral rates were significantly higher in low socioeconomic 
status areas (47.3% vs 34.6%). The median referral rate per 1,000 patients was 13.8 
(IQR=8.4). Referral rates varied widely between practices.  
 
DATA CONCLUSION 
Despite a large rise in knee MRI referrals from primary care there has been no 
substantial change in the age profile, suggesting that there has been no increase in 
inappropriate referral of elderly patients in whom MRI is unlikely to influence 
management. A modest decrease in conversion rate to arthroscopy may be 
reasonably offset against a decrease in secondary care referrals. Socioeconomic 
status of the target population must be considered when planning primary care knee 
MRI services. 
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INTRODUCTION 
MR imaging can be an accurate and non-invasive method of diagnosing internal 
derangements of the knee (1). Most patients with knee problems present first to their 
primary care physician, known as general practitioners (GPs) in the UK (2). A 
proportion of these patients cannot be managed with conservative methods. In the 
National Health Service (NHS) in the UK the traditional patient pathway has been to 
refer to a consultant orthopaedic surgeon to see if they are suitable for surgical 
intervention. For some of these patients an orthopaedic surgeon might request an 
MRI scan to confirm a diagnosis or plan surgery. 
In the last ten years it has become increasingly common for GPs in the NHS to refer 
patients directly to radiology departments for MRI of the knee, instead of or prior to 
requesting an orthopaedic opinion (3). This has been seen as an alternative pathway 
for patients where capacity in orthopaedic clinics is limited (4, 5). Prior to 2008, our 
institution only accepted MRI knee requests from hospital specialists, predominantly 
orthopaedic surgeons and rheumatologists. Our institution began to provide open 
access to knee MRI to GPs in 2008. All MRI requests, regardless of referrer, must 
have been vetted by a radiologist prior to the scan. The number of knee MRI 
examinations performed for primary care has increased at our institution from 227 in 
2008 to 2174 in 2015.  
However, it has been suggested that open primary care access to knee MRI may not 
be an effective use of resources, leading to increased costs without improved 
outcomes (6, 7). Moreover, the role of imaging in several musculoskeletal pathways 
has recently been challenged. For example, current National Institute of Health and 
Care Excellence (NICE) guidelines state that there is no role for imaging in the 
routine diagnosis of osteoarthritis (OA) (8). There is also doubt that arthroscopic 
interventions such as partial meniscectomies or washouts are effective, especially in 
older (>35 years old) patients (9, 10). As the reason for performing MRI examination 
in a substantial number of patients in this age group would traditionally have been to 
determine suitability for such interventions, the relevance of MRI for this indication 
(“?meniscal tear”) is increasingly being called into question. 
On this background there is concern that providing open access to knee MRI for GPs 
may lead to rapid rises in the number of MRI examinations without any useful 
changes in clinical management and in particular decreasing proportions of patients 
progressing from MRI to surgical intervention. To date there are no published data 
that describe the relationship between primary care referral for knee MRI as an 
intervention and surgery as an outcome.  
Therefore, the primary aim of this study was to measure the proportion of patients 
being referred for knee MRI from primary care who subsequently go onto 
arthroscopy, and how this proportion varies with age and how it has changed 
following implementation of GP open access. The secondary aims were to measure 
the degree of variability in referral practices between GP practices, rural and urban 
environments, and socioeconomic status of patients. This is important as wide 
variability in referral practices may be an indicator of poor quality care (11). 
  
MATERIALS AND METHODS 
This retrospective observational study was part of a registered service evaluation of 
the primary care referrals to the Department of Radiology at a large teaching 
hospital. As this was a service evaluation, the requirement for research ethics 
approval and informed consent was waived. 
 
Patient selection & number of MRI referrals 
A database search was carried out within the radiology information system (RIS) for 
all MRI knee referrals from 2000 to 2015.This database was filtered to obtain MRI 
knee referrals from GPs only between 2008 and 2015, which is from when direct 
primary care referral became available. The age, sex, GP code, GP practice code, 
and postcode for each patient were recorded.  
 
Proportion of abnormal knee MRI examinations 
The reports of knee MRI scans from 2008 were evaluated to determine the number 
of abnormal versus normal/near-normal examinations. A normal or near-normal scan 
was defined as demonstrating no significant intra-articular pathology (e.g. no 
meniscal/ligamentous tear, no osteochondral pathology and no significant extensor 
mechanism disruption). Scan reports from 2015 were randomly sorted in Excel, and 
a consecutive number (equal to that of 2008), were evaluated to determine the 
change in rate of abnormal reports.  
 
Arthroscopy 
A parallel search was performed on the orthopaedic database for interventions from 
2008 to June 2018. Only arthroscopic interventions were included. Joint 
replacements were excluded as the decision to operate would have been based on 
plain radiograph and clinical examination rather than MRI findings.  
A script was written in Microsoft Excel to combine the two datasets using the 
patients’ hospital numbers in order to identify the number of patients who underwent 
a surgical intervention after an MRI examination of the same knee. If a patient had 
multiple MRI scans prior to arthroscopy, only the latest scan preceding the 
arthroscopy was counted as relevant.  
A 2.5 years follow-up interval between MRI and arthroscopy was set based on the 
end of MRI data capture in 2015 and the end of surgical data capture in June 2018. 
This is to allow for the inclusion of patients who choose to delay their intervention as 
the orthopaedic clinic allows patients to return at a later date at the discretion of the 
surgeon. The operation notes for patients whose arthroscopy occurred beyond 2.5 
years following the scan were reviewed to check whether the indication was related 
to the MRI findings.  
 
Patient socioeconomic characteristics 
Our institution’s catchment includes a mix of urban and rural populations. The 
variability in referral patterns by locality was performed by categorising each patient 
as living in either an urban or rural location based on the Rural-Urban Classification 
(12) for the Census Lower Super Output Area zone that their home postcode was 
assigned to.  
As a measure of neighbourhood socioeconomic status, the Index of Multiple 
Deprivation (IMD) score (13) was obtained for each patient based on the Census 
Lower Super Output Area zone that their home postcode was allocated to. The IMD 
is an England-wide score calculated by the British Department for Communities and 
Local Government, assigning a score to each postcode based on seven distinct 
domains of income, employment, health and disability, barriers to housing and 
services, living environment, crime, and education, skills and training. It is a measure 
of relative deprivation comparing one postcode to another, and is not a measure of 
affluence.  
 
Statistical analysis 
Participant characteristics, raw number of knee MRI examinations from primary care 
referrals performed per year and the percentage of knee MRI referrals originating 
from primary care per year were analysed using descriptive statistics. Differences in 
referral rates, and mean age at referral between rural and urban populations were 
analysed using Student’s t tests. 
We compared the proportion of abnormal knee MRI scans in 2008 and 2015 using a 
chi-squared test. 
Knee MRI examination to arthroscopic surgery conversion rate was analysed for 
each year using simple percentages. This analysis was also performed stratified by 
patient age, rural vs urban location and IMD score. Differences in conversion rate 
between rural and urban location were analysed using Student’s t tests. 
The frequency of knee MRI referral per 1,000 practice population was calculated for 
each included GP practice. The normality of the distribution of these frequencies was 
analysed using visual inspection of the frequency histogram and the Shapiro-Wilk 
test. 
All statistical analyses were performed in Microsoft Excel. We considered p < 0.05 to 
be statistically significant, without multiple comparison correction. 
 
 
RESULTS 
Patient characteristics & number of MRI referrals  
A total of 23928 MRI knee referrals were made between 2000 and 2015 from 93 GP 
practices. GP requests for MRI knees rose from 210 (16.7% of all knee MRI 
requests) in 2008, the year when the direct referral pathway was opened, to 2379 in 
2015 (70.5% of all knee MRI requests) (Figure 1).  
There were a total of 10695 GP referral knee MRIs performed between 2008 and 
2015, with 1047 subsequent interventions. 275 scans were excluded due to the 
patient’s GP practice code being incorrectly recorded, leaving 10420 cases. There 
was a steady increase in MRI numbers from 2008 to 2015 with a peak of 2646 in 
2014 (Table 1). The mean age of patient at MRI demonstrated a decrease from 46.8 
years (SD=14.7) in 2008 to 41.3 years (SD=14.9) in 2015. The mean age for the 8-
year period was 44.5 years (SD=15.6) (Figure 2).  
 Rate of abnormal MRI scans 
There were 178 abnormal (78.4%) out of a total of 227 scans in 2008. A random 
sample of an equal number of scans showed 171 abnormal scans (75.3%) in 2015. 
There was no significant difference between the two years (p=0.46). The sample size 
was adequately powered (beta = 0.8) to detect a change in abnormal proportion of 
greater than 10% which we considered the threshold for a meaningful change in 
practice.  
 
Arthroscopy 
37 out of 1047 (3.5%) surgical interventions occurred after 2.5 years. The indications 
for all these arthroscopies were obtained from the operation notes and were found to 
be directly related to the MRI scan.  
The number of operations demonstrated a much more limited increase (Figure 1). 
The conversion rate to arthroscopy as a percentage of number of MRIs performed 
showed a steady decline during this time from 15.4% to 10.2% (Table 1, Figure 1). 
The age at operation shows a bimodal distribution with peaks in the second and 
fourth decades (Figure 3). The conversion rate to arthroscopy showed a steady 
decline with increasing age from a peak in the second decade of 14.7% down to 
3.3% in the 9th decade (Figure 4).  
 
 
Patient socioeconomic characteristics 
Rural versus Urban  
The number of MRI referrals for rural (n=4930) and urban (n=5425) populations 
showed a similar increasing trend between 2008 and 2015 (Table 1). The number of 
subsequent interventions over this time period was 478 rural and 569 urban, giving 
conversion rates of 9.6% rural and 10.5% urban, which were not statistically 
significantly different (p=0.62). The conversion rates showed decreases from 2008 to 
2015 from 14.7% to 10.1% for rural and from 16.2% to 10.3% for urban (Table 1). 
The mean age at MRI was 46.0 for rural and 43.2 for urban. Both showed a decline 
between 2008 and 2015; 49.2 (SD=14.8) to 43.2 (SD=15.4) for rural and 46.8 
(SD=14.6) to 41.3 (SD=14.5) for urban (p=0.03, t-test) (Figure 5).  
Deprivation Index 
The median deprivation index for all MRI referrals was 13.9 (IQR 9.4–20.9). This was 
significantly lower than the median deprivation index for the primary care referral 
population (median 18.1, IQR 7.7-28.1) (p<0.001, t-test) (Figure 6).  Fewer than 
34.56% (n= 3601) of the patients referred for knee MRI were in the Deprivation 
Deciles of more than 5 compared to 47.25% of the general population in this 
category (14).  
 
Variation between General Practices 
The frequency distribution of referrals per practice per 1,000 patient population 
demonstrated a non-parametric distribution (Shapiro-Wilk p = 0.002). The median 
referral rate was 13.8 per 1,000 with an interquartile range of 8.4 to 21.6 (Figure 7). 
The median number of patients going onto arthroscopy was 1.47 per 1,000 with an 
interquartile range of 0.95 to 2.28.  
 
DISCUSSION 
There has been a steady increase in the number of referrals for knee MRI from 
primary care, starting in 2008 and peaking in 2014 in our institution. These now 
make up the majority of requests and have substantially overtaken requests from 
hospital consultants, who have consistently referred about 1000 patients per year for 
the last 10 years. This rapid rise in referral for knee MRI has been mirrored in other 
countries with different healthcare systems. In Australia the national insurance based 
health-care system has been overwhelmed by a rise in knee MRI costs from $16 
million to $38 million in a single year. Attempts at limiting this demand have been 
controversial (15). 
There was no meaningful difference in the proportion of abnormal MRI scans 
between 2008 and 2015. The fact that a large increase in the number of scans 
performed has not led to a large increase in the proportion of normal or near-normal 
studies suggests that MRI referral is being used appropriately by our primary care 
referrers.  
As the number of MRIs performed has increased, the rate of conversion to surgical 
interventions has decreased from 15.4% to 10.2%. There are two possible 
explanations for this. The first is that surgical capacity may not have kept up with 
increasing demand. This is probably not the case because our institution has been 
meeting its time-to-treat targets for orthopaedic surgical interventions. This would 
suggest that those patients who are deemed suitable for arthroscopy are being 
treated. The second explanation is that increasing numbers of knee MRIs were 
performed that do not change surgical management, which seems the more likely 
scenario.  
However, the conversion rate has decreased more slowly than the increase in the 
number of MRI knees and the 10.2% conversion rate to arthroscopy may be 
considered acceptable by commissioners when they consider that many of those 
patients who did not progress to arthroscopy will also not have needed the cost of a 
hospital consultation.  
The overall age of MRI referrals has steadily decreased for both rural and urban 
populations.  This suggests some improvement in patient selection for MRI over the 
years.  This may be the result of a local policy of mandatory plain radiographs for 
patients over the age of 50, selecting out those patients with severe OA that are 
clearly not suitable for arthroscopic intervention. It may also reflect accumulated 
experience of the referrers in using MRI to manage their patients.  
The number of MRI examinations and surgical interventions are highest between the 
ages of 40–49 suggesting that this is the peak of surgically remediable disease. The 
likelihood of conversion from MRI to surgical intervention then declines with age, 
which mirrors the body of opinion that arthroscopic intervention in the knee is less 
effective in patients over the age of 50 (9, 10).  
A small statistically significant mean difference of about 3 years is seen in the age at 
MRI referral for urban and rural populations; the rural population is slightly older at 
the time of referral than the urban population. The conversion rate to arthroscopy is 
slightly lower for rural compared to urban patients but this does not reach statistical 
significance.  
A comparison between the deprivation scores for patients referred for knee MRI and 
the overall deprivation scores for the local county demonstrates a significant 
difference with patients of lower socioeconomic status more likely to be referred for 
an MRI scan than patients with higher socioeconomic status. These latter patients 
are more likely have private health care cover and this may account for some of 
these findings. These differences are similar to findings from studies into differences 
in mortality that suggest that socio-economic status is a more important measure of 
healthcare outcomes than rural or urban locations (16).  
There was considerable variability between numbers of referrals per 1000 population 
between the 93 General Practices. Almost as many practices referred 20-25 patients 
per 1000 as those that referred 5 or less per 1000. The location in urban or rural 
settings did not appear to influence this referral rate. Such variability may reflect 
differences in demographics or in individual GP referral preferences and knowledge 
between practices. As variability is often linked with lower quality of care, the 
numbers presented here are of concern. 
The authors acknowledge several limitations to this study. Not all confounding 
factors can be accounted for due to the retrospective nature of this study. Factors 
other than a change in referral guidance could have influenced treatment, for 
example a change in orthopaedic staff. This study has also been conducted in a 
single centre, and the results may not be applicable to other cities or countries.  
A detailed examination of the contents of the MRI reports was not undertaken as the 
conversion rate to arthroscopy was used as a single, limited measure for impact on 
patient management. Patients may choose not to undergo arthroscopy as a result of 
an abnormal scan, and equally a normal scan may provide diagnostic benefit by 
excluding suspected pathologies. Further study is required for a more 
comprehensive analysis of how the outcome of a knee MRI scan influences 
subsequent management.  
A further limitation of this study that it does not account for a small cohort of patients 
who have their MRI towards the end of our data capture period (2015), who may yet 
choose to have arthroscopy beyond the 2.5 year period. This would cause the 
conversion rate to arthroscopy for more recent year-groups to be underestimated, as 
they were followed up for a shorter period overall. Second, it is assumed that the 
MRI scan within this follow-up period prompted the arthroscopy. This raises the 
possibility of including patients who have arthroscopy subsequent to an interval MRI 
performed through orthopaedic referral within this follow-up period.  
Finally, we were unable to capture data on patients who have arthroscopy 
elsewhere. However, this usually as a result of patient relocation within the follow-up 
period. However, our institution is the main referral centre for both knee MRI and 
orthopaedic surgery for the region, meaning that nearly all the patients imaged in our 
institution would also have their arthroscopy with the in-house orthopaedic team, 
hence facilitating comprehensive data collection.  
All of these limitations are predicted to individually and collectively affect only a tiny 
proportion of the cohort, and should not materially change the conclusion.  
This large-scale population study has demonstrated a rapid rise in the number of 
referrals for knee MRI from primary care at a large UK teaching hospital following the 
introduction of open access, with a more gradual decrease in the number of patients 
progressing to arthroscopy. Although this suggests that in this setting knee MRI is 
less likely to influence surgical management, this should be balanced against the 
cost saving of reducing secondary care consultation and improving diagnostic 
confidence of GPs when planning future care pathways. 
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TABLES 
Table 1 
  Year of MRI 
  
2008 2009 2010 2011 2012 2013 2014 2015 
Number of 
MRIs 
Urban 111 228 346 441 632 1075 1383 1209 
Rural 116 267 396 454 559 975 1263 965 
Total 227 495 742 895 1191 2050 2646 2174 
Average 
age at MRI 
Urban 46.8 47.4 45.9 42.6 43.4 42.8 43.5 41.3 
Rural 49.2 49.0 49.3 45.3 45.8 47.1 45.7 43.2 
Total 48.0 48.3 47.8 44.0 44.5 44.9 44.6 42.1 
Number of 
Operations 
Urban 18 36 46 54 86 111 132 124 
Rural 17 37 58 52 50 100 118 97 
Total 35 73 104 106 136 211 250 221 
Conversion 
rate (%) 
Urban 16.2 15.8 13.3 12.2 13.6 10.3 9.5 10.3 
Rural 14.7 13.9 14.6 11.5 8.9 10.3 9.3 10.1 
Total 15.4 14.7 14.0 11.8 11.4 10.3 9.4 10.2 
 
Table summarising the number of MRI examinations of the knee performed with the 
number of subsequent operations performed.  
  
LEGENDS 
 
Figure 1 
Histogram demonstrating the increase in the number of MRI knee examinations 
between 2008 and 2015, with a relatively small increase in the number of 
subsequent arthroscopies.  
 
Figure 2 
Line chart demonstrating the frequency of patients undergoing knee MRI by age 
between 2008 and 2015 (light grey lines) with the mean plotted as a black line. The 
mean age for the 8-year period was 44.5 years (SD=15.6 years) and mode was 48 
years. 
 
Figure 3 
Line chart demonstrating the frequency of patients undergoing arthroscopy after 
knee MRI, by age, between 2008 and 2015 (grey lines) with the mean represented 
by a black line. The graph demonstrates a bimodal distribution with peaks in the 
second and third decades.  
 
 
Figure 4 
Histogram demonstrating the mean percentage conversion rate by decade for 2008 
to 2015. This demonstrates a steady decline with increasing age. The error bars 
represent one standard deviation for the data for each decade. The wide standard 
deviations in the 8th and 9th decades reflect the small number of patients. 
 
Figure 5 
Line chart demonstrating the average age at MRI in urban and rural populations 
between 2008 and 2015. The rural population is significantly older than the urban 
population for all years and both show a decrease in the average age with time. 
 
Figure 6 
Frequency histograms demonstrating the deprivation index of patients being referred 
from primary care for knee MRI compared to the deprivation index of the general 
population of Norfolk. The patients who have the lowest socioeconomic status, with 
the lowest deprivation scores, have higher rates of referral for knee MRI.  
 
Figure 7 
Frequency histogram demonstrating the number of referrals per GP practice per 
1000 patients. 
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